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SYSTEMS AND METHODS FOR ELECTRONICALLY 
MANAGING DIGITAL SUBSCRIBER UNE <DSL) 
TELECOMMUNICATIONS CONNECTIONS 

5 



BACKGROUND OF THE INVENTION 

10 Telecommunications systems are known which use cabtas 

containing bundles of twisted pairs of conductors for transmitting signals 
between locations for votes only signals, data only signals, and combined 
voice and data signals, in these systems, some of She telecommunications 
equipment for processing and transmitting the signals through the cables is 

15 configured for connection to cable connectors with multiple pairs of 

connectors, e.g. 25 palrTelco or Amp connectors. The connectors and 
cables provide Sinks between the various pieces of telecommunications 
equipment In a twisted pair telephone system, tn a telephone carrier system 
servicing residences and/or businesses, the system may include an MDF 

20 (Main Distribution Frame), 3 POTS {Plain Old Telephone Service) splitter for 
separating voice and data signals, and a DSLAM (Digital Subscriber Line 
Access Multiplexer). Such a system may employ a DSL (DlgHat Subscriber 
Line) communications protocol. Use of the connectors and cables is known 
where at least some of the conductor pairs are not used to carry signals, As 

25 systems grow in size, space constraints are a concern, such as for a 
telephone service carrier's MDF. A further concern Includes the ease of 
a cces s to th e teSe co mrnun Icatlons a quJprhen t a nd ca nn eclia ns fo r makln g 
cha ng e s a nd u pgrades. 
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• ■ ■ ■ - r . SUMMARY OF THE INVENTION 

■ H " . . 1 ■ 

The present Invention Is directed to methods and apparatuses 
5 for electronically establishing communication line cross-connections. 
Electronically establishing communication line crass-conn eel ion s fc according 
to one embodiment, involves providing a matrix of relays and a plurality of 
fillers A composite signal comprising a iow frequency component and a 
high frequency component is received a I the relay matrix, The relay matrix 

10 is controlled to direct the composite signal to a particular filler. A filtered tow 
frequency component of the composite signal is provided at a !ow frequency 
output of the particular filler. The relay matrix is further controlled to direct at 
!east the high frequency component of the composite signal to a high 
frequency output of the relay matrix- Control of the relay matrix may be 

15 effected focal ly or in response to control signals received from a remote host 
processor. 

The low frequency component of the composite signal may 
comprise a voice band signal and the high frequency component of She 
composite signal may comprise a data signal, For example, the composite 

20 signal may conform to an Asymmetric Digital Subscriber Line (ADSL) 

standard. The composite signal may aiso conform to an ADSL slandarii that 
accommodates concurrent use with an ISDN signal. According to another 
embodiment, the low frequency component of the composite signal 
comprises a iow frequency data signal and the high frequency component of 

25 the composite sfgna! comprises a high frequency data signal The low 

frequency data signal may be an ISDN {Integrated Services Digit a! Network) 
signal. 

Control)! ng the relay matrix may further involve controlling the 
relay matrix to direct at least the high frequency component of a composite 
30 signal from She high frequency output of the relay matrix to an ADSL access 
multiplexer, The relay matrix may be further controlled to direct at least the 
high frequency component of the composite signal from the hJgh frequency 
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output of the relay matrlK to an Input of a digital access multiplexer. 
According to another embodiment, controlling the relay matrix InvoJvea 
directing the filtered fow frequency component of the composite signal from 
a tow frequency output of a particular filter to an Input of a main distribution 
5 frame or an input of a voice switch. Controlling the relay matrix may also 
involve receiving a remote control sign a! from a remote location and. In 
response to the remote control signal, eSeclricaliy switching a elected 
switches of the relay matrix to direct the composite signal to a particular filter 
and lo direct at least the high frequency component of the composite signal 

10 to the high frequency output of the relay matrix. 

In accordance with another embodiment of the present 
invention, electronically establishing communication line crass-connections 
involves providing a matrix of reJays and a plurality of filters. According to 
this embodiment, the relay matrix is electronically controlled to establish a 

15 first signal connectivity path between a composite slgna! input and a data 
signal output. The reiay matrix Is further electronjcatjy con trailed to establish 
a second signal connectivity path between the composite signal Input, a 
particular fiiter of the plurality of filters, and a voice slgnaf output, 

Establishing the first signaS connectivity path may further 

2Q Involve electronically control If ng the relay matrix to extend the first signal 
connectivity path from the data signal output to an Input of a digital access 
multiplexer. The relay matrix may aiso he electron lea I ly controlled lo modify 
the first signal connectivity path so as to decouple the data signet output 
from the input of the digital access multiplexer. Establishing the first signal 

25 connectivity path may further Involve electronically controlling the relay 
. matrix to extend the first signal connectivity path from the data signal output 
lo an Input of a dlgllai access multiplexer and from an output of the digital 
access multiplexer lo an Input of a network Interface, such as an ATM 
(Asynchronous Transfer Mode) network interface. The relay matrix may be 

30 electronically controlled to modify the first signal connectivity path so as lo 
decouple the output of the digital access multiplexer from the Input of the 
digital access muUlptexor, Also, electron lea \ty controlling the relay matrix 
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may Involve modifying the second signal connectivity path so as to bypass 

the particular filler- - - 

The first connectivity path may comprise a TJp conductor and a 
Ring conductor. The relay matrix may be electronically controlled to modify 
5 the first slgnaJ connectivity path so as to short-circuit the Tip and Ring 
conductors of the first signal connectivity path, typically for troubles hooting 
reasons. The second signal connectivity path may also comprise a TTp 
conductor and a Ring conductor Electronically controlling the reiay matrix 
may further Involve modifying ihe second slgnai connectivity path a o as to 

10 short-circuit the Tip and Ring conductors of (he second sfgnal connectivity 
path. Bectronlcally controlling the relay matrix may Involve coupling and 
decoupling the composite signal input to a selected one of several lest 
devfces h The composite signal Input may be coupled to a customer 
communication line via the relay matrix, and one or more diagnostic tests, 

15 such as a loop qualification lest* may be performed on the customer 
communication line, T ' 

in accordance wJJh another embodiment of the present 
invention, a matrix of relays may be controlled to electronically establish 
communication line cross-connections between a first communication line 

20 connector, a second communication line connector, and a third 

communication line connector. Within the context or this embodiment, the 
first communication line connector includes a first plurality of active 
connections and at least one inactive connection, and the second 
communication line connector includes a second plurality of active 

25 connections and si least ono Inactive connection, 

EtectronJcaHy con! rolling the relay matrix accordrng !o this 
embodiment involves oslabllshfng signal connectivity paths between the first 
plurality of active connections of the first connector and a corresponding first 
pSurality of connections of the third connector. The reiay matrix is further 

30 electronically controlled to establish signal connectivity paths between the 
second plurality of active connections of the second connector and a 
corresponding second plurality of connections of the third connector A 
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plurality of fitters may further be provided, and electro nfcally controlling the 
relay matrix may also involve establishing slgna! connectivity paths between 
selected active connections of the first or second connector and 
corre spo nd i n g (n pu ts of the plurality of falters, Etectro n Ically co n trolf 1 n g th e 
5 relay matrix may further Involve establishing signal connectivity paths 
between corresponding outputs of the plurality of filters and corresponding 
connections of the third connector. 

The third connector may comprise a connector of a main 
distribution frame or a voice switch, The first connector may comprise a 

10 connector of a first digital access muttlpSexer and the second connector may 
comprise a connector of a second digital access multiplexer. The first digital 
access multiplexer may operate In conformance with a first communications 
protocol and the second digital access multiplexer may operate in 
conformance with a second communications protocol different from the first 

15 communications protocol The first communications protocol may constitute 
a first Digital Subscriber Line (DSL) protocol and the second 
communications protocol may constitute a second DSL protocol different 
from the first DSL protocol 

In accordance with yet another embodiment of the present 

20 invention, a matrix of relays and a plurality of filters are provided for 

electro nJcaily establishing communication line cross-connections; At the 
relay matrix, a composite signal comprising a voice component and a data 
component Is received. The relay matrix is controlled to direct the 
composite signal to a particular filter, such that a filtered voice component of 

35 the composite signal is provided at a voice output of the particular filter. The 
relay matrix Is further controlled to direct at least the data component of the 
composite signal to a data output of the refay matrix. Controlling the relay 
matrix may further involve controlling the relay matrix to direct at least the 
data component of the composite slgna! from the data output of the relay 

30 matrix to an input of a digital access multiplexer. The composite signal 
according to this embodiment, preferably conforms to an ADSL standard, 
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The refay matrix may be controlled to direct at least ihe do la 
component of the composite signal from the data output of the relay matrix 
to an ADSL access multiplexer Controlling the relay matrix may further 
involve controlling the re!ay matrix to direct She filtered voice component of 
5 the composite signal from the voice output of the particular fitter Id an input 
of a main distribution frame or an Input of a voice swllch. The relay matrix 
may be further control fed to electrically switch selected switches of the relay 
matrix to direct the composite signal to the particular filter and to direct at 
least the data component of the composite signal to the data output of the 
10 relay matrix In response to a remote control si gnat received from a remote 
location. 

The above summary of the present invention Is not intended to 
describe each embodiment or every implementation of the present 
invention. Advantages and attainments, together with a more complete 
15 understanding of the invention, will become apparent and appreciated by 
referring Id the fotf owing detailed de script son and claims taken in conjunction 
with the accompanying drawings. 



20 BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a diagram of an example of a known 
telecommunications system including an MDF, a POTS splitter, and a 
plurality of DSLAMs, illustrating use of known connectors of Ihe 25 pair type 
25 where only four pairs are utISized per connector; 

FIGS. 1A and 1B are front and side views of an exemplary 25 
pair cable connector used in the system of FtG 1 ; 

FIG, 2 is a diagram showing active connections between an 
MDF and individual DSU\M cards, where only four pairs of ihe conductors 
30 for each connector are used for signal transmission, as used in known 
systems; 
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FIG, 3 Is a diagram showing grooming of the conductor pairs 
for more efficient use of the MDF connectors in accordance with the present 
Invention; 

FIG. 4 Is a diagram of a telecommunications system 
5 embodiment of the present invention including an MDF, a POTS splitter 
device, and save rat D3LAM modules, and further showing a grooming 
facility for grooming the conductor pairs for the DSLAM connections with the 
MDF; 

F\G> 5 ia a diagram of a further telecommunications system 
10 embodiment of the present Invention showing a combined grooming and 
cross-connect facility; 

FIG. 8 Is a diagram of a further telecommunications system 
embodiment of the present Invention showing a POTS splitter device 
combined with the grooming and cross-connect facility; 
15 FJG. 7 is a diagram showing the signal paths in one 

implementation of a telecommunications system for transmitting an ADSL 
(Asymmetric Digital Subscriber Una) signal In the system Including an MDF, 
a POTS splitter device, and a DSLAM; 

FIG- fl Is a diagram of a further telecommunications system 
20 embodiment including the features shown In the system of FIG, 6 t and 
further in ceding access jacks and a co^ocation cage; 

FiG. 9 shows the system of F!G. 6 In greater detail with 
different signal types transmitted through the system, and showing the 
cross-connections for different signal types; 
25 FIG. 10 Is a perspective view of one embodiment of a 

telecommunications equipment Including a grooming panel and a cross- 
connect pane?; 

FIG. 11 shows the equipment of FtG, 10, with a front door 
pivoted open exposing the grooming panel; 
30 FIG, 12 fs a side view of the equipment of FIG, ID; 

FIG. 13 is a front view of the equipment of FIG. 1D; 
FtG, 14 ts a front view of the equipment of FIG, 1 1 ; 
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FIG, 15 Is a perspective view of a further embodimenl of a 
telecommunications equipment, including a grooming panel, a cross- 
connect pane) P and POTS splitter devices Internal to (he chassis?; 

FJG, 16 Is a top view of the equipment of F)G, 15, showing 
5 Infernal features; 

RG* 17 Is a side view of the equipment of HG, 1 5 P showing 
fntamat features; 

FIG. 18 fs a front view of Ihe equfpment of FIG. 15; 

FiG, 19 Is a front view of the equipment of FIG. 15 f with the 
10 front door removed, exposing ihe grooming panel and the splitter cards; 

FIG. 20 Is a perspective view of a further embodiment of a 
telecommunications equipment Including a grooming panel and a POTS 
splitter device; 

F1G + 21 is a lop view of the equipment of FIG. 20 t showing 
15 Internet features; 

FJG. 22 is a side view of the equipment of FIG. 20 showing 
talernaf features; 

FJG. 23 is a front view of the equipment of FIG. 20; 
FIG. 24 is an illustration showing various components of a 
20 le I e co mmu n i cati ons system in accord a n ce wi I Ji an a mbo d i ment of th e 
present invention; ■ 

FiG, 25 is an illustration showing various components of a 
telecommunications system which Incorporates electronic CrossConnect, 
grooming, and POTS splitting capabilities in accordance with an 
23 embodiment of the present Invenlion; 

FJG. 26 is a liow diagram showing several steps involved in 
remotely establishing or modifying a customer's xDSL service in accordance 
with the principles of the present invention; 

FIG, 27 is ah illustration of a POTS spatter and lis outputs in 
30 response to receiving an ADSL signal at its Input; 

FIG, 28 is a block diagram of the POTS spNlter of Fig, 27 
shown in greater detail; 
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FIG. 29 Is a block diagram of a telecommunications uni! which 
includes electronic crass-connect, grooming, and POTS splitter capabilities 
according loan embod (me nl of th g p nasen t 1 n ven tio n; . - ■ 

FtGSs 30-33 illustrate various embodiments of a remote 
5 controitobie electronic cross-connect switching matrix in accordance with an 
embodiment of the present invention; 

FIG, 34 ts an IHustratlon of a cross-connect switching matrix in 
which the matrix is partitioned Into regions each associated with particular 
switching functions or characteristics; 
10 FIG. 35 is an illustration of an ADSL system deployment as 

between a central office and a customer's home or business; 

FJG* 36 is a block diagram of a system that provides one or 
mora of a remote test access, cross-connect, grooming, andfar POTS 
splitting capability; 

15 FIG, 37 illustrates an xDSL system implementation which 

provides for line qualification testing of selected customer fines; and 

FIG. 35 illustrates a circuit implementation for remotely testing 
a selected customer tine In accordance with an embodiment of the present 
invention. 

20 While the Invention is amenable to various modifications and 

alternative forms, specifics thereof have been shown byway of exampfe in 
the drawings and will be described h detail hereinbalow, tt is to be 
understood, however, that the intention is not to limit the invention to the 
particular embodiments described. On the contrary, the invention is 

25 Intended to cover a\i modifications, equivalents, and alternatives falling 
within the scope of the invention as defined by the appended claims. 

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS 

30 • tn the following description of illustrative embodiments, 

references are made to the accompanying drawings which form a part 
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hereof, and in which is shown byway of illustration, various embodiments In 
whfch the invention may be practiced, 1Us to be understood thai other 
embodiments may be utilised, and structural and functional changes may be 
made without departing from the scope of the present Invention. 

5 Referring now to FIG. 1 t a telecommunications system 10 is 

shown including a known arrangement of equipment, cable or lines, and 
connectors for transmitting signals, such as in a twisted pair telephone 
system. System 10 !s representative oF a telephone carrier's system for 
transmitting voice and dala to residences and businesses, A main 

10 distribution frame (MDF) 12 is linked to outside plant copper loops 14. MDF 
12 has links to a POTS splitter device 16 and one or more DSLAM cards or 
modules 18, MDF 12, POTS splitter device 16, and DSLAMs 1B Include 
connectors 20 having pairs of conductors for connecting to pairs of 
conductors of a reciprocal connector on an end of a cable 22. An example 

15 of connectors 20 shown in FIG. 1 are 25 pair connectors, such as Telco or 
AMP connectors, for use with a 25 pair cable 22 (containing 50 wire 
conductors), Jn use of system 10, POTS splitter device 16 receives voice 
and data signals from MDF 12. and passes the data signals through to 
DSLAM 18. The voice signals are passed from POTS splitter device 15 to 

20 MDF 12 fortransmtssion Jo a voice switch 24, 

FiGS. 1A and 18 show one 25 pair connector 20 known in the 
art. End 26 connects each conductor pair 28 to a conductor pair of a mating 
connector mounted to the end of the mulil-pair cable 22. End 3D provides 
the conductor pairs 28 on an opposite ssde of the connector 20 for 

25 connection to conductor pairs of cables, wires, or equipment. 

For system 10 shown in FJG. 1 including connectors 20, and 
cables oHines 22 r especially between MDF 12 and POTS splitter device 16 t 
it is known to have a majority of the pairs of conductors in the connectors 20 
and the corresponding wires in cables 22 unused. As shown in FSG + 1, onJy 

30 4 of the 25 pairs of conductors are used- Other conventional systems which 
do not require POTS splitter device 16 also experience Inefficient use of 
cables and connectors between MDF 12 and DSLAMs 18. FiG + 2 illustrates 
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the use of 25 pair connectors 20a-f indu ding 26 pairs of conductors 28, 
FIG. 2 further Illustrates the used or active conductor pairs 31 and the 
unused or inactive conductor pairs 32 of the cab las 22 between connectors 
20a-c of MDF 12 and connectors 20 d-f of DSLAMs 18. The illustrated 
5 DSLAMs 16 are the type with 4 signal pairs per card or module. Other 
DSLAM types are useable including 8/25 or 12/25 or greater. Such a 
system allows for usage of known cabfe types and connector types including 
the exemplary 25 pair connector 20 shown in FIGS, 1A and 18, Further, as 
improvements or changes In system components are made overtime (e H g. 

10 changing from 4/25 to 8/25 OStAM cards), Increases in the number of used 
pairs can be made without changing connector or cable types- However, 
the systems all have unused conductor pairs in the connectors. Increased 
utilization of the conductor pairs in the system of RG. 1 1s possible by 
grooming the conductor pairs to use more of the unused pairs, This greaUy 

15 reduces the number of cables and connectors at MDF 12. 

Referring now to FtG. 3, grooming is shown in greater tie tail 
where conductor pairs of multiple connectors 20d-f of DSLAMs 13 are 
combined into one connector 20a of MDF 12- This results in more 
conductor pairs 23 of connector 20a being used than in the ungroomed 

20 arrangement of FIG. 2. Less connectors 20 ore needed for MDF 12 In FIG- 
3 over FIG, 2: 

Referring now to FIG. 4, a system 100 has a grooming facility 
60 Incorporating the grooming of FiG. 3 for grooming the lines 22 from 
DSLAMs 18 while allowing efficient use of connectors 20 on MDF 12 and 

25 POTS splitter device 16. FIG, 4 shows increased use of the conductor pairs 
toMDF12endto POTS spiftter device 16 from grooming facility 60- 
Referring now id FIGS, 10-14, a first embodiment of equipment 200 is 
shown for performing the grooming functions at grooming facility 60 of FIG. 
4. Equipment 200 includes a grooming field 202 for use In grooming cables, 

30 such as between DSLAMs Hke DSLAMs 18, and MDF 12. In a grooming 
only situation, a cross-connect pane! 252 (described below) is not 
necessary, Grooming field 202 includes a panel 203 including a plurality of 
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muki* pair connectors 204 mounted to panel 203- An exemplary connector 
type is shown in F1GS T 1A and 1B. A firsl array 205 of connectors -204 may 
have connections to DSLAMs 16 or POTS splitter device 16. A second 
array 208 of connectors 204 conneds !o MDF 1 2 and/or POTS splitler 
5 device 16. On a front side 210 of glooming pane) 203 resides ai\ of the 
cables and connectors to the equipment {MDF. POTS splitter device and 
DSLAMs) + A back side 212 of grooming panel 203 would contain all 
necessary conductive Sinks, such as conductive wires, cables, or other links, 
linking the various conductor pairs between connectors 204, so as to 

10 achieve grooming, as illustrated in FIG, 3, tor the used contacts. For 

example, a plurality of conneclors 204 from first array 206 will have the used 
contacts wired to a reduced number of connectors 204 of second array 20 6 t 
thereby using more conductor pairs of each connector 204 in second array 
208, as well as using more of the respective conductor pairs in the cable 22 

15 connecting to the MDF, and to the POTS splilter As a more specific 
example, several connectors 204 from first array 205 are connected to 
DSLAMs 1fl. and (he reduced number of connectors 204 In second array 
203 are connected to MDF 12. 

In the embodiment just described, the grooming connections 

20 between the arrays 206 t 208 of connectors 204 would be on the back side 
212 of grooming pane) 202. These connections are housed within chassis 
270 behind panel 203 and rear 27%. it desired, a cross-connect field 250 
can be added for adaptability and ease of changeability for the connections 
between the arrays of connectors. Adaptable and changeable grooming can 

25 occur at cross-connect field 250. \n FIG + 5, a system 102 has a combined 
grooming and cross-connect facJJity 62 which more readily allows for 
changes and customisation to the connections between the arrays of 
conneclors. tn the equipment 200 of FIGS. 10-14. cross-connect panel 252 
includes a plurality of connectors 251, each including a front connector 

30 location 254 linked to a rear connector location 256 + Conductive links, such 
as conductive wires, link the rear conductor pairs of each connector 204 to 
the conductor paks defined by rear connector locations 256, to use of the 
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cross-conn 8 ct features, equipment 200 of FIGS. 10-14 preferably includes a 
one-to-one correspondence between the rear of connectors 204 at back 
side 212 to rear connector [oca lions 256. Front connector locations 254 can 
be cross-connected to each other to complete, and groom, the circuit as 
5 desired with I In King or patch conductors or cables. Field 250 defines arrays 
250, 262 corresponding to arrays 206, 208 for connector panei 203. 

For equipment 200. front and rear connector locations 254, 
256 can be any desired connector type. Some examples fnclude Insulation 
displacement connectors (IDC), and wire wrap termination pins. One 
10 example connector Is shown and described in U.S. Patent No. 4,624,521, 
the disclosure of whtch is Incorporated by reference. Also, connector jacks 
can be used, such as DS1 jacks Including ports for receMng plugs of patch 
cables. Also* If jacks are used T monitor ports can aSso be provided, as 
desired. 

15 Referring again to FIGS. 10-14, cross-connect panel 252 ts 

preferably hinged relative to chassis 270 at hinge 265. This allows user 
access to the cable connections at connectors 204 at front side 210, 
Grooming panel 202 Is positioned behind cross-connect panei 252, both of 
which are accessed at the same aide (front) by a user. Alternatively, cross- 

20 connect panel 252 can be positioned adjacent to rear 272 of chassis 270 , 
facing In the opposite direction. In equipment 200, access openings 274 in 
sides 275 allow for the cables from the other equipment to enter chassis 270 
for connection to connectors 204 at front side 210, Since grooming panel 
202 and cross-connect panel 252 face in the same dfrectton in the illustrated 

25 embodiment, further openings 280 are provided In chassis 270 for the one- 
to-one contact conductors to link from rear 21 2 of grooming panel 202 to 
re a r conn act o r locatlo ns 2 56 . I f d eslre d , cros s-co n n e cl pa n el 252 and 
grooming panel 202 can be reversed such that cross-connect panel 252 Is 
with In chassis 270. Atso t panefs 252, 202 may be mounted In separate 

30 racks or chassis if desired, Gabfe management dips 232 are positioned on 
cross-connect pane! 252 to assist with management of the patch cables. 
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Referring now to FIG, 6 t a grooming function is combined with 
both a cross-connect function and a POTS splitter d a vice for facility 64 in . 
system 104, Facility 64 of FIG- 6 Is an integrated system for tho grooming 
and cross- conn act functions noted above, AJso, efficiencies result by further 
5 combining the POTS splitter function with grooming and cross-connecL 
Referring now (o FIGS, 15*19, a further embodiment of telecommunications 
equipment 300 Is shown for performing the functions of facility 64. 
Equipment 300 includes a grooming panel 302 p a cross-connect panel 352, 
end a POTS splitter device 360 including a plurality of sptitter cards 366, An 

10 exemplary POTS splitter signal path is shown In FIG, 7. A low pass filter 
370 filters the voice signal from the voice and data fine 372- Data line 374 
transmits the data portion of the signal to DSLAM 18, The voice portion of 
the signal is returned to MDF 12 by voice line 376 + 

tn equipment 300. the appropriate number of low pass fillers 

15 370 are housed in splltler cartis 366, Panels 302. 352 are constructed to 
function in a similar manner to panels 203, 252 described above. Grooming 
panel 302 Includes a first array 303 of connectors 304 and a second array 
305 of connectors 306 + Panel 302 includes a first section 308 for array 303 
anil a second section 309 for array 305, First section 308 is located on an 

20 exterior of chassis* 378 ( and second section 309 is boated within chassis 
376. Connectors 306 connect to DSLAMs 18, such as with 25 pair 
connectors. First connectors 304 connect to MDF 12, and may be 25 pair or 
other connectors, such as 32 pair connectors. Cross-connect panel 352 
Includas connectors 351, each including a front connector location 354 and 

25 a rear connector location 356/ From the rear of each of connectors 304, 
306, conductors connect to roar connector locations 356 in a one-to-one 
manner to fonm cross-connect panel 352, The conductors from the rear of 
each connector 304 may connect to the tow pass filters 370 for the POTS 
sptitter function for voice and data signals before connecting to crass* 

30 connect pane! 352, Front panel 352 is hinged to chassis 378 in a like 

manner as equipment 200 or is otherwise removable to access the interior 
of chassis 378 for connectors 306, Connectors 351 define a cross -connect 
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field 350 with arrays 313 and 315 linked In a one*to*one manner with 
connectors 304, 306. In one example, connectors 304 are connected lo 
MDF 12 on the fronts and the rears are connected to array 313 and splitter 
cards 386, In the same example, connectors 306 form DSLAM connectors 
5 306 on the fronts and ere connected on the rears to array 315, For voice 
only signals from splitter cards 366, there Is a conductive link to an MDF 
connector 304 tar transmission of the voice only signals back lo MDF 12. 
For example, 4 connectors 304 of sub-array 3 03" are finked to backplane 
380 and then to splitter cards 366, and from splitter cards 365 to backplane 

10 380, For the data signals, connections are then made to cross~connect 
array 313 for cross-connection to array 315. For the voice signals, 
connections are instead made to the other four connectors 304 of sub-array 
303" for transmission back to MDF 12. The connections to and from 
backplane 380 Including circuit paths thereon can be by cable, such as 

15 ribbon cable. If desired, additional connectors 351 can be added for the 
conductive Jinks to and from splitter cards 366 t for additional flexibility of the 
system circuitry. With the additional connectors 351, the various 
components including the low pass niters can be cross connected together. 

In the systems of FIGS. 4 and 5 r POTS splitter devfco 16 Is 

20 finked throu g h muiti-p af r cab I e a n d co n n ecto rs to DSLAM 1 a . Thnou gh 
grooming as noted above, more efficient use of the cables and connectors 
of MDF 12 and POTS splitter device 16 Is possible. By Including a POTS 
splitter feature Interna! to equipment 300, a further savings of space P and 
muttkpair cables and connectors Is possible. Referring now to FIG, 9, 

25 equipment 300 Is shown In schematic form with connectors 306 from a first 
array 305 linked to D 3 LA Ms 1IL Connectors 304 from first array 303 are 
linked to MDF 12* The one4o-ane connections link to first and second 
arrays 313,31Sof connectors 351 di cross-connect panel 352. Patch 
cables 390 link connectors 351 to DSLAMs 16 and to the low pass filters 

30 370 of the interna! POTS splitter feature. FtG. 9 also shows a direct pass of 
the data only signals to DSLAMs 18« 
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Refening now to FIGS. 20-23. a further embodiment of 
equipment 300a is shown without a cross-connect panel 352 as in 
equipment 300, Equipment 300a includes first and second arrays 303 a , 
305a of connectors 304. In the example shown, connectors 304 are of the 
5 same 25 pin type as noted above. Array 303a connects to MDF 12, and 
array 305a connects to DSLAMs 18 + From the rear of each connectors 304 
in sub-array 3D3a\ connections are made to the low pass fillers 370a for 
splitter cards 366a. Spliller cards 366a are preferably slideably mounted to 
chassis 378a for accessibility in making connections to connectors 304 of 

10 sub-array 303o\ For the voice signals from low pass fitters 370a, 

connections are also made to the rear of connectors 304 of sub-array 303a*\ 
For the data signals from sub-array 303a\ connections are made 1o the rear 
of each respective D5LAM connector 304 of second array 305a, These 
connections ore groomed within chassis 378a as noted above for the 

15 discussion of FIG, 3 for efficient use of the MDF connectors 304 of first array 
303a- 

In FIGS, 20-23, equipment 300a includes a chassis 370a wilh 
two DSLAM sub-systems 360a, 380b of connectors 304 and spliltercards 
366a. Each sub-system 38Da< 380b Includes its own backplane 381a t 381 b> 

20 As shown in FIGS, 21 and 22, the backplanes 381a t 381 b with circuit paths 
thereon are staggered in parallel planes, allowing overlap. This results In a 
space savings relative to a non-overiapping design- Chassis 378s includes 
a hinged front panel 385. 

The POTS splitter circuits noted above may also operate to 

25 separate low frequency data signals, such as fSDN (Integrated Services 

Digital Network) signals, from high frequency data signals, Such use wlli be 
described in greater detail below. 

Referring now 1o FIG. 8, access jacks 400 are provided to 
monitor signals associated with facility 64. FJG, 8 also shows a co-location 

30 cage 500. As wiH be discussed in greater detail herelnbelow, the co-location 
cage 500 represents a partitioned section of an Incumbent Local Exchange 
Carrier's (ILEC) central office in which equipment owned and operated by a 
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Competitive Local Exchange Carrier <CLEC) is located. The term ILEC 
refers to a primary existing central office carrier, as distinguished from a new 
competitive carrier {CtEC) that came Into existence after federal 
deregulation of the telecommunications Industry. Co-location cage 500 
5 Includes a CLECs DSLAMs 509, line qualification tester BOB, and may 
further include a number of POTS - splitter devices 510. Co-location pa nets 
502, 504 provide a termination location for estabfishlng electrical 
connectivity between ILEC and CLEC equipment 

Within the context of the embodiment depicted in FK3. 8 + 

10 telecommunications unit 84 ( which Incorporates a lest access capability via 
access facks 400 t represents a demarcation location or apparatus that 
defines a physical point of separation between the equipment 
owned/managed by the ILEC and that owned/managed by the CLEC. Direct 
access to each of the lines passing between the ILEC and CtEC equipment 

15 permits each entity the opportunity to monitor Individual lines and to 

determine the ia cation and responsibility of a given problem, should ona 
arise. The structure and functionality of the access jacks 400 and electrical 
plugs which are received by the Jacks 400 are known in the art. 
Al tern a lively, the electronic cross-connect facility of teie communications unit 

20 84 T which is described In detail hereinbelow, may be controlled to connect a 
monitoring bus to a partlcuiar customer's line, which effectively emulates the 
mechanical jack/plug mechanism that provides for monitoring of selected 
customer lines. 

tn addition to the many advantages that are realizable through 
25 emptoym en t of th a g roo ml n g * cross-co nn ecllng , an d P OTS spl I ttln g 
apparatus embodiment discussed above, a number of electronic 

m m m r * m m mm mm 

capabilities may be Incorporated that eh ha rice, augment , emulate; and/or 
replace various mechanical aspects of the above-described apparatus 
embodiments* In accordance with the embodiment shown In FIG- 24, for 
30 example, the manual grooming, cross-co nne cling , POTS splitting, and 

monitoring capabilities previously described hereinabove may be enhanced 
by the addition of an electronic cross-connect facility 1004, and further 



in 

enhanced by Incorporation of a loop qualification tester 1005 or other type of 
line tester, 

The telecommunications unit 10DO depicted in FIG. 24 is 
shown to include a POTS splitter device 1001 # a manual grooming facility 
5 1002, and a manual cross-connect facility 1003. According to one 

embodiment of the present Invention, which may be regarded as a hybrid 
embodiment, the telecom municaltons unit 1000 may, in addition to the 
manual crass- connect facility 1003, further include san electronic cross- 
connect facility 1 004 * I n corpo ration of the e I ectro nic cros a- co nn b cl faciei ty 

10 1004 in telecommunications unit 1000 provides technicians the ability (o 
locally or remotely establish cross-connections electronically, and may 
wholly eliminate the need to manually establish such connections via 
hardwired or patch connections. Inclusion of a manual cross-connect facility 
1003 f however, may enhance the ability to establish cross-connections 

15 under certain circumstances, such as during power outages or under 
circumstances In which the ability 1o electronically effect such cross- 
connections is limited, 

Alternatively, and as depicted in FIG. 25, telecommunications 
unit 1010 may be implemented to include capabilities for performing al) 

20 g rooming ■ eras s-con ne ct I n q ■ a nd POTS splitting f u nctio n s ef e clro n ice I ly . 
According to this embodiment, the manual grooming end cross-connect 
facilities 1002, 1003 would not be needed and* as such, may be excluded 
from the unit 1010, Employment of an electronic cross-connect facility 1004 
in telecommunications unft 1O00 provides the ability to perform all grooming, 

25 cross-connecting, and POTS splitting functions electronically and Jn one 
embodiment, from a host processor focaled remoteiy from 
telecommunf cations unit 1000. It wit! be understood that electronic control of 
telecommunications unit 1000 may also be effected by use of a host 
processor situated proximate telecommunications unit 10DD through use of 

30 an appropriate commu nf ca tJo n interface. 

As stated above , a significant advantage realized through 
employment of a telecommunications unit 1000 provided with an electronic 
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cross-connect facility 1004 concerns the ability to perform all cross- 
connection, grooming t and POTS splitting functions electronically from a 
location remote from the central office. This capability is particularly 
important in tight of recent federal mandates in the United Slates the define 

5 the relations hfp between Incumbent carries and non-Incumbent "competitive" 
carries, II will be appreciated that the advantages a sso elated with 
" employment of an electronic cross-connect facility 1004 according to the 
present are equally realizable In the context of telecommunications systems 
not Impacted by such federal mandates, such as those situated outside of 

10 the United States, 

Recent rulings promulgated by the Federal Communications 
Commission (FCC) and U.S. Congress have clarified the relationship and 
oblige tfcms between Incumbent Local Exchange, Carriers (iLECs) and 
Competitive Local Exchange Carriers (CLECs), A recent FCC Order 

15 directed to *IEne sharing" requires that ILECs must provide unbundled 

access to the Ngh frequency bandwidth (e H g>< data band) of the local loop to 
any CLEC that seeks to deploy any version of xDSL which Is presumed to 
be acceptable for shared line deployment In accordance with the rules 
adopted In the Order, In short* an (LEC must provide physical space in its 

20 central office, such as the co-location cage depicted in FIG. 8, to a CLEC P 
and must also provide access to the ILECs main distribution frames h From 
the consumer's perspective* the federally mandated Interrelationship 
between !LECs and CLECs has provided the consumer with a wide variety 
of telecommunication service options, Including, in particular, ADSL, I DSL 

25 (Internet DSL), SOSL (Symmetric DSL) P and VDSL (Very high speed DSL) 
services. 

A CLEC technician, for example, may access the 
telecommunications unit 1010 shown In FIG, 25 remotely to perform a 
variety of tasks, without aver having to gain admittance to the CLECs co- 
3(J location cage established in the ILECs central office. The CLEC technician 
may implement a customer's change of service request from, for example, 
an I DSL service to an ADSL service entirely remotely. 
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tn accordance with one exampia of the above -de scribed 
procedures, a-software program running on a host processor remote. from 
the ILEC's central office provides the CLEC technician with the ability to 
effect necessary cross-connections by electronically controlling a cross- 
5 connect fiefd or matrix provided In the electronic CrossConnect facility 10D4 
shewn generally in FIG, 24, In order to provide the customer with a 
requested ADSL service, for example, the customer's line would be 
electronically switched from the customer's existing tDSL DSLAM 
connection (e,g„ a data only connection) to an ADSL DSLAM connection 

10 (e,g +1 a single mixed dale/ voice connection), for purposes of handling digital 
data Iransmlssions to and from fhe customer's location, and also to a POTS 
sptitter facility 1001 + for purposes of handling voice signal transmissions to 
and from the customer's location. 

In addition to electronic cross-connect switching that occurs to 

15 provide the customer's requested change of service, the electronic cross- 
connect facility 1004 may be remotely coniroliad to perform any grooming 
that would assist In reducing the number of non^active connections which 
would otherwise be sent to the main distribution frame using a conventional 
connection approach, as was previously discussed hereinabove. Also, prior 

2D to providing ADSL servtee to the customer, the electronic cross-connect 
facility 1003 may be remotely controlled !□ switch the customer's tine to a 
loop qualification testar 1005 or other type of taster to evaluate the suitability 
of the customer's line for supporting an ADSL service, 

Figure 26 illustrates in flow diagram form several steps 

25 involving the establishing of cross- conn actions remotely in accordance with 
an embodiment of the present invention, A CLEC may receive 610 an xDSL 
service request for a particular customer who requires access to the 
telecommunications unit 1010 (see, e,g,, FIG, 25) situated In the CLECs co- 
location cage at the ILEC's central office. The CLEC technician remolely 

30 determines 012 the status and characteristics of the customer's current loop 
connection, such as !he customer's current xDSL servlce(s) and DSLAM 
connection configuration, 
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Depending on (he nature of the service request, tho CLEC 
technician determines (he xDSL service parameters needed to establish the 
xDSL connection and/or determines the extent to which applicable xDSL 
service para me tens require adjustment 818. For example, if a 03 LAM 
5 connection change is required* the CLEC technician interacts with the 
configuration software operating on the CLECs host processor to 
electronically establish or modify the necessary era ss -connections to 
disconnect the customer's line from the current DSLAM and to connect the 
customer's fine to a new DSLAM. The CLEC technician may then make the 

10 necessary adjustments 816 to the xDSL connection/service parameters to 
satisfy the customer's xDSL service request. 

When establishing or making a change of service thai affects 
the customer's connection, It may be desired or required to perform certain 
tests to determine the suitability of the customer's line for supporting 

1 5 partlcula r te le co m mun icallo n s e rvices . I f t for exa m pie, a loop quaftflca Hon 
testis to be performed 822 , then the CLEC technician may remotely conduct 
the necessary tests that qualify or disqualify the customer's fine for purposes 
of supporting a particular xDSL service, Establishing the necessary 
connections between the tester/tester card and the customer's line may be 

20 accomplished remotely by the CLEC technician. 

in one embodiment, a test bus distinct from the cross-connect 
relay matrices Is controlled to connect a given tester to a particular 
customer's line. In an alternative embodiment, the cross-connect relay 
matrices ere used to control la bly connect a given tester to a particular 

25 customer's line. A Joop qualificaMon test or other type of line test Is Initialed 
824 remotely by the CLEC technician; If the loop test Is successful 826 4 
confirmation of same and of a successful change of service Is reported 830 
to the remote host processor, if the loop test Is unsuccessful, remote 
troubleshooting may be initiated 828 and/or a technician may be dispatched 

30 to the central office to conduct an on-site evaluation of the 
telecommunications unit 1010. 
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By way of example, the cross-connect relay matrices may be 
used to conlroHabiy establish conn eel Ions, including short-circuit 
connections, and decouple connections for purposes of conducting 
troubleshooting and diagnostic analysis. For example, a cross-connect 
5 relay matrix may be controlled to disconnect a customer's DSLAM 

connection (o Isolate the customer's voice connection or to disconnect the 
POTS splitter from the customer's composite (e,g,, ADSL) data signal path. 
Byway of further example, a connection between a composite signal input 
and a DSALM signal output may be established so as to bypass a POTS 
10 splitter. 

A short-circuit may be established using a cross-connect relay 
matrix to short-circuit composite data signal Tip and Ring conductors or to 
short-cfrcuft the POTS splitter output sSgnel Tfp and Ring conductors, for 
example* A cross-connect relay matrix may further he used to connect a 

15 composite signal tine to a tester fortoop qualification testing, bs previously 
discussed above, it wii! be appreciated that a significantly enhanced cross- 
connection capability Is realized for establishing connections between 
communication lines and various types of equipment by employment of an 
efectronic cross-connection methodology of the present invention. 

20 According to the embodiment depicted in FIG. 25* 

telecommunications unit 1010 includes an electronic cross-connect facility 
provided by a number of cross-connect matrix cards or modules 1015, Each 
crass-con nect ma irix card 1015 Includes one or more switching matrices or 
fields which are controlled by a central processing unit (CPU) 1016 provided 

23 in telecommunications unit 1010. A communications card {not shown) is 
also incorporated as part of telecommunications unit 1010 to provide 
communication connectivity with a local or remote host processor via an 
appropriate Interface or network connection. Telecommunications unit 1010 
includes one or more backplanes to provide for the requisite interconnection 

30 of signal and power lines. 

Also provided in telecommunications unit 1010 are a number 
of POTS splitter cards or modules 1012, As is best shown in RGS* 27 and 
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28, each POTS splitter card 1012 typically includes a number of fillers which 
are used to law pass filter a mixed or composite voice/data signal for = 
purposes of passing the relatively lower frequency voice content of the 
composite signal end rejecting the relatively high frequency data content of 
5 the mixed or composite signal. 

By way of example, it is assumed that the composite signal 
communicated to one of a number of POTS splitter circuits 1020 provided 
on POTS splitter card 1012 conforms to an ASDL standard. An ASDL signal 
is applied to an Input 1022 of the POTS splitter circuit 1020 and Is received 

10 by a low-pass filler 102 5. The low-pass filter 1025 passes composite signal 
content associated with the voice hand (e.g„ less than about 4 KHz} and 
rejects composite slgna! content above the voice band, such as frequencies 
esse elated with the data band (e.g., about 30 kHz and above). The 
composite signal Is also communicated to a data output 1024 which may or 

15 may not include a high-pass filler {not shown). It Is assumed that the 

DSLAM or other digital multiplexer that receives the composite signal from 
the data output 1024 of the POTS spliUer circuit 1020 provides any required 
high-pass niter elements to remove the relatively low-frequency voice signal 
content from the composite signal, 

20 As Is shown in FIGS. 27 and 28, the POTS splitter circuit 1020 

may aJso operata to separate low frequency data signals, such as (SDN 
{In teg rated Services Digital Network) signals, from high frequency data 
signals- According to an embodiment In wMch telecommunications unit 
1000 {FIG. 24) or 1010 (FIG, 25) provides for cross-connection and/or 

25 grooming of high and low frequency data connections, exclusive of or in 
addition to voice band connections, the POTS splitter circuit 102Q shown In 
FIG. 27 would Instead" be representative of an ISDN filter circuit, in this 
case, the law-pass Giter 1025 shown In F) G. 28 is replaced with an ISDN 
filter. 

30 In accordance with this embodiment, a filtered ISDN signal 

provided at tow frequency data output 1026 ts transmitted to a voice switch 
equipped with (SDN interface line cards instead of POTS line cards. A 
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telecommunications unit 1010, such as that shown In FIG. 25, would Include 
ISDN filler modules 1014, rather than POTS splitter modules 1014, In s 
further embodiment, telecommunications unit 1010 may Include both ISDN 
filter modules 1014 and POTS splilter modules 1014, 
5 An e m bod Ime n t o ftha p res en t i n ve ntl on th at a ccommod ate s 

high and fow dala frequency signals is particularly well-suiled for deploy me nl 
in European countries where ISDN service Is Ihe "Plain Old Telephone 
Service," atbell a digital service, l\ is understood that the mechanical and 
electronic features end advantages described herein with respect 1o POTS 

10 ieie communication s system arc hi lectures are equally applicable to 

le!e communications systems which provide for the transmission of high and 
low frequency digital dala signals* 

It is noted that one or more notch filters may be coupled to 
receive the composite sigriai from Ihe data oulput 1024 of the POTS splilter 

15 circuit 1020 tor purposes of delecting any bllilng tones that may be 

transmitted along !he ASDL signal conneclivtty path established through the 
POTS splitter circuit 1020, as is often the case in European 
telecommunication systems, Such billing tones typically have frequencies 
that range between the voice band and the data band. Impedance matching 

20 circuits 1023, 1027, and 1029 provide for proper impedance matching at the 
signal input 1022, data ouipuMQ24* and voice oulput 1026 nodes* 
respectively, of the POTS splitter circuit 1020 + 

Telecommunications unil 1010 may further Include a ioop 
qualification test card 1018 or other type of lest card or test card interface 

25 1018- The Jest card 1018 may be electronically connected to a selected 
customer's line connection In response to control signals received from a 
local or remote host processor The test card 10 IB may further include lest 
devices and employ lest algorithms for performing various self-diagnostic 
tests In addition to performing customer line/loop testing. A suspect 

30 component or card of telecommunications unit 1010 may, for example, he 
electronically coupled to a particular test card 1018 and/or particular test 
sub-system of the test card 1018< 
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The remote or local technician may then interrogate the 
suspect component or card and perform a desired diagnostic test thereon* 
the results of which are transmitted to the local/remote host processor in 
real-time or upon completion as a batch transfer of the diagnostic data- Any 
S n eed ed re-co n figu ra tia n o f the tete common feat fan s u ni 1 1 0 1 0 or re so\u tio n o f 
a detected probiem may be implemented remotely, such as by establishing 
an alternative cross-connection to bypass the defective or suspect 
component/card. 

Telecommunications unit 1010 further Includes a number of 

10 communication line connectors (e + g. r Tetco connectors) 1012orports which 
provide for connectivity to/from a main distribution frame and to/from any 
number of DSLAM or other multiplexing devices- Cross-connection and 
grooming operations with respect to MDF and D3UW signal paths are 
accomplished through u so of the cross-connect matrices or fields provided 

15 on cross-connect cards 1015. Connection of particular lines, such as ADSL 
lines which carry mixed voice/data signals, to a POTS splitter module 1014 
Is also accomplished through use of one or more of the cross-connect matrix 
modules 1015. 

Referring now to FIG. 29, there is shown a depiction of a 

20 telecommunications unit 1040 which employs a crass- connect field 1050 to 
e sta bf is h s Ig na) co nnecti vlty p alhs b □ twea n a nu mh er o f d i ff s re nt 
components, each of which is electrically coupled to the cross-connect field 
1050. Various MDF connections 1042, 1044 t 1046 which carry composite 
voice/da ia signals, exclusively voice signets, and exclusively data signals, 

25 respectively, are shown coupled to the CrossConnect field 1050. A number 
of DSLAMs 1048 and fow pass filter elements 1054 {i.e., POTS splitter 
filters) are also shown coupled !o the cross-connect field 1050, as are one or 
more foop/line qualification testers 1016. A local CPU 1016 coordinates the 
switching of the cross -conn act field 1050 t typically in response to control 

30 signals received from a remote host 1052, although it is understood that a 
host processor situated proximate or Integrated as part of the 
telecommunications unit 1040 maybe employed to generate the control 



wo i\ j /45JS2 p crt u st w/jdhso 

signals received by the local CPU 1016, II is understood that the relay 
control functions performed by the local CPU 1016 may alternatively be 
pErfDrmBd by a microcontroller. 

The cross-connect field 1050 shown in FIG. 29 may be 
5 configured in a number of different ways to achieve desired functionality and 
a desfred balance between the number of reiaya and control lines needed to 
implement a desired switching strategy. By way of example, one cross- 
connect field embodiment may include a standard switching matrix 
configuration by which relays are used to switch at! conductors one to each 

10 other. According to another embodiment, the cross-connect field 105D 

employs a configuration by which relays are used 1o connect TX lines to TX 
lines and RX fines to RX lines. Using this configuration, it Is possible to 
switch every other line Jn the matrix and still keep Itie pairs of TX and RX 
lines next to each other, which advantageously results in reduced 

15 occurrences of undesirable cross-talk, 

in accordance with another embodiment, the cross-connect 
field 1050 employs a standard configuration by which relays are used io 
switch each TX line to each TX lino, but can also switch TX lines to RX lines 
and RX iines to TX lines. According to yet another cross-connect Held 

20 configuration, relays are used to switch oniy TX Jlnes io TX lines and RX 
lines !o RX lines, such that these lines are being switched together In this 
manner a! all times. This configuration advantageously provides for 
switching of a pair of TX and RX tines with only one relay {e.g. , a two-pole 
relay). This configuration provides for a reduction in Ihe complexity of the 

25 control circuitry, and maintaining this line pairing configuration 
advantageously minimizes cross-tafk. 

Implementing a standard maliix approach typically requires a 
cross-connect al each matrix point. Using this approach, the number of 
relays will be doubled. In order k> reduce the number of relays, a TX cross- 

30 connect field 1050 may be used to effect TX fine switching and a separate 
RX cross-connect fieid 1050 may be used !o effect RX tine switching, 
According to this approach, the number of nafays may be reduced by one- 
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half, but the amount of control circuitry wHI likely be doubled. This approach, 
however,- does not provide for pairing of the TX and RX tines t as does the 
approach discussed above, which provides for cross- talk reduction. 

Figures 30-33 are schematic depictions of four cross-connect 
5 flel d e m bodimen ts of d if fa ring co nfigu ratio n and fu nctio n ali ty . Ff gu re 30 
Illustrates a 16 x 16 switching matrix comprising a total of 128 contacts or 
relays. More particularly, the cross-connect Held 1050' illustrated in FIG. 30 
represents a 16 x 18 slngte wire TIP to TIP and RING to RING switching 
matrix. The cross-connect field 1050" shown In FIG/ 31 represents a 16 x 

10 16 sing fa wire full matrix comprising 25 6 contacts or relays, 

Figure 32 illustrates a cross -conn set flefd 1050"' which 
represents an 8 x 8 twisted pair TIP to TIP and RING to RING matrix 
comprising 128 contacts or relays. The cross-connect field 1050"" shown in 
FIG, 33 represents an 8 x 8 twJsted pair full matrix comprising 256 contacts 

15 or relays, It wltt be understood that switching matrices having configurations 
and functionality other than those described herein may be advantageously 
used In a cross-connect telecommunications unit of the present invention to 
effect efeclronfcally controlled cross-connect* grooming, and POTS splitting 
functions from a focal or remote site. 

20 A contra I la bf e de ctra nic era ss-conn act fie I d or ma tri x 1 0 50 in 

accordance with the pro sen I invention may be Implemented using a variety 
o fte chho fog fas; By way b f exa mp fe + ih a re I ays or con ta cis o f era ss -con n ect 
field 1050 may be Implemented as metallic contacts using known fabrication 
techniques, such as' those commonly employed fn the semiconductor 

25 I nd us try. By way o F fu rthe r exa mp f e , lh o re fays of cross-con nect fte Id 1 05 0 

■ " . ■ ! ■ . . . ' 

may be Implemented on a sfitcan substrate using Micro B to ctrtcal M ech a nlcai 

Sy stems (M EMS) ie cKnofogy or other ml croma chin I n g or phatollth og rap hlc 

. . ■ ■ ■ . 

technology. 

A MEMS device is understood in the art as a device fabricated 
30 using ad van cad phb toiithd gra phi c and Wa for p ra cbssfng ta ch n iques . A 
typlra! MEMS device is a three dimensional structure constructed dn a 
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semiconductor wafer using processes and equipment similar Jo those used 
by the semiconductor Industry, but not Jimiled to traditional semiconductor 
materials, MEMS devices are, in gen or si, superior to their conventional 
counterparts in terms of cost, reliability, size, and ruggedness, 

5 Figure 34 illustrates a cross-conn eel field 1050 which is 

partitioned into regions, with each region being associated wish a specified 
signal type, source, destination or component. By way of example, the 
cross-connect field 1050 depicted in FIG. 34 Includes four regions, including 
an MDF voice/data region 1062 t a DSLAM region 1050, a POTS splitter 

10 region 1064, and a voice region 1066, Other regions, such as a line tester 
region (not shown), may also be provided in the cross-connect field 1050. 
Also shown coupled to the cross-connect field are sets of controls lines 1072 
and signal lines 1070. Although partitioning of the cross-connect field 1050 
is not necessary, it may be desirable to partition the cross- connect field 

15 1050 for purposes of enhancing connection management, for example- 
AJso, certain regions of the cross*connecl field 1050 may be fabricated 1o 
exhibit characteristics differing from those of other regions for purposes of 
satisfying particular signal transmission and/or switching design 
requirements, for example, 

20 Turning now to Hg. 35, various advantages of a remote cross- 

connect, grooming, and POTS spiting capability wIJ I be further discussed 
within the context of a particular xDSL system implementation, namely, an 
ADSL system Implementation. Figure 35 illustrates a customer's home or 
business 1100 which includes a typical telephone 1 101 and a computer or 

25 PC 1 102. Prior to the availability of ADSL, two separate POTS lines would 
have been required to allow for concurrent use of the telephone 1 101 and 
She computer 1 102 + With the availability of ADSL, however, a single line 
1 106 t which is qualified io support ADSL signaling requirements and 
protocols, provides for concurrent use of the telephone 1101 and the 

30 computer 1102 using a single POTS line- A POTS splitter 1104 is provided 
to effect the separation of voice and data signals at the customer's home or 
business 1100, 
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Also depicted in RG. 35 is the central office 1 1 10 of an ILEC. 
The I LEC's central office 1110 Includes a voice switch 1 1 14 coupied to the 
main distribution frame (not shown) which manages voice band signals 
communicated between the customer's telephone 1101 and the MDF, A 
5 CLEC provides the requested *dfgi!al/data w sendee via an appropriate ADSL 
DSLAM 1 1 16, which is also situated at the ILEC's central office 11 10, it is 
noted that the 03LAM 1116 is typically connected La a high-speed digital 
network conn action, such as an ATM (Asynchronous Transfer Mode) 
network connection. A POTS splitter 1112, as discussed previously^ 

10 provides for the requisite se pare t ton of voice band end data band signals at 
the central office 1110, From the customer's perspective, voice and date 
communications are effected seamlessly at the central office 1110. 

However, and as can be appreciated from the system 
depiction of FiG, 8, any change of service or troubleshooting that is needed 

15 to support a particular customer's service request requires that the CLEC 
gain admittance to the !LEC T s central office 1110 and to the CLECs co- 
location cage. Such service calls to the ILEC's central office 1110 by the 
CLEC typically requires payment of a fee for admittance to the ILEC's 
facility. Further, the CLEC pays a lease fee to the (LEG for the physical 

20 space required to house the CLECs co-Jo cations cage. Those tees are 
typically passed on to the customer. 

Employing an eiectronlc cross-connect system and 
methodology of the present Invention eliminates many of the delay, cost, 
end inconvenience issues associated with more conventional cross-connect 

25 management approaches. Figure 36 depicts a system deployment of an 
electronic cross-connect system according to the present invention which 
provides for remotely controlled switching of one or more cross-connect 
matrices lh3t effect desired cross-connect, grooming, and POTS splitting 
functions associated with a variety of xDSL (e.g M ADSL) services, 

3Q According to the embodiment depicted in FtG, 36 , an electronic cross- 
connect and grooming facility 1132 Is coupled between a main distribution 
frame, owned by en ILEC, and a CLECs DSLAM units, ft is understood that 
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the cross-connect system may be physically tocated withJn the ILEC's 
central ofRce space, a CLECs co-location space {a.g. f cage), or both. 

As shown, the electronic cross-connect and grooming facility 
1132 Is coupled to a number of MDF composite voice/data signal (e.g., 

5 ADSL) connections 1 126, a number of MDF volco only signal connections 
112B> and a number of DSLAM connections 1130, H is noted that the 
electronic cross-connect and grooming facility 1132 may also be coupled to 
a number of MDF date only connections (not shown). Also shown coupled 
to the electronic cross -conn act and grooming facility 1132 are a number of 

10 low-pass Altera 11 13 of one or more POTS splitter devices 1112 that are 
selectively connected to particular MDF composite voice/data connections 
1 125 for purposes of performing POTS splitting functions thereon, 

A CPU 1136 Is coupled to the electronic cross-connect and 
grooming facility 1132 via a control lino 1117 and coordinates the switching 

15 of the one or more cross-connect fields provided in the electronic cross- 
connect and grooming faciliLy 1 132. The CPU 1 136 may utilize a network 
management agent, such as an SNMP (Simple Network Management 
Protocol) agent, to communicate with a remote host processor 1122 via a 
network connexion, such as a 10BaseT or 100BaseT connection 1124, for 

20 example. The host processor 1 122 may comprise a network management 
PC running appropriate network management control software. The remote 
host processor 1 122 cooperates with the local CPU 1 136 to remotely effect 
desired cross-connections between the MDF. DSLAMs* and POTS splitters 
1112(e,g, t LPFs 1113). 

25 A Hne tester, such as a foop qualification (ester 1118, may 

further be coupled to the CPU 1136 via a control tine 1119, CPU 1136 may 
control the operation of the tester 1118 in response to control signals 
received from the remote host processor 1 122, The )fne tester 1118 may 
employ a lest bus 1 120 to establish connectivity between the line tester 

30 1118 and a particular customer's line, in She ADSL deployment depicted in 
FtG* 37, for example, a break 1135 In the customer's line is established by 
the electronic cross-connect end grooming facility 1 132 or by the test bus 
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apparatus 1120 to temporarily Isolate the customer's loop for purposes of 
conducting fine testing thereon. Isolating the customer's line Is required so 
thai impedances associated with the low-pass filter 1 1 13 of the POTS 
spftttar 1112a nd other downstream components do not interfere with the 
S prope r avaf u aiio n o f th 8 customer's conn edt on , 

One embodiment of an electronically controlled test bus 1120 
Is depicted in FIG. 3fl, According to this embodiment, and with continued 
reference to FIG. 36, the test bus 1120 may fn etude a matrix of switches 
1142 each provided with a control Input, CTRt t for receiving control signals 

10 produced by CPU 11 36 via control Ifnes 1 143, In response to a control 

signal, a selected switch 1142 activates a relay 1146, such as an A-B relay, 
to connect a particular MDF Una 1 140 or 11 41 from the crass -connect matrix 
to the line tester 1118. The line tester 1118 than performs one or more tests 
on the isofated customer's line under the cooperative direction of CPU 1136 

15 and the remote host processor 1 122 via control line 1119 and network line 
1124, respectively. Upon completion of the fine testing procedure, an 
appropriate control signal produced by the CPU 1136 causes the selected 
switch 1 142 to reconnect the particular MDF tine 1 140 or 1 141 to the cross* 
connect matrix and to an appropriate DSLAM, 

20 As was discussed previously connections between the line 

tester 11 1S and selected MOF/cusiomer iines may be established directly by 
the eras s-cbn pact field of the electronic cross-connect and grooming facility 
1132, rather than by a separate test bus 1120. The testing and crass- 
conned approaches and apparatuses disclosed In commonly owned U.S. 

2S Serial Nos. Q9/XXX T XXX filed concurrently herewith under attorney docket 
Ho. 2316,1 139US01; 09/219,259 and 09/219,810 Hied concurrently on 
December 23, 1998; 09/327,050 filed June 7, 1999; and 08/072,159 filed 
November 17, 1997, all of which are hereby Incorporated herein by 
reference In their respective entireties, may be advantageously adapted or 

30 motlifl ed to tm pi ems n t ete ctro n!c cross-conn ect, g roo ml ng r and P OTS 
splitting functionality in accordance wUh the principles of the present 
fnventlon- 
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H is Id be understood, (hat even though numerous 
characteristics and advantages of the invention have been setfcrlh in the 
foregoing description, together with details of the structure and function of the 
present invention, the disclosure is Jliu strati ve only, and changes may be 
5 made In detail, especially In matters as such shape, size, arrangement, and 
function of the parts within the principles of the invention to the full extenl 
Indicated by the broad general meaning of the (arms in which the appended 
claims am expressed. 

If) 
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CLAIMS 

WHAT IS CLAIMED IS: 

■ ■ . ■ 

5 1, A method of e I ecironica liy estab llshfng commun Icatio n tin e eras s* 
connections, comprising: 

providing a matrix of relays and a plurality of filters; 
receiving, at the relay matrix, a composite signal comprising a low 
frequency component and a high frequency component; 
10 controlling the relay matrix to direct the composite signal to a 

particular Rlter, a filtered low frequency component of the composite signal 
provided at a lav/ frequency output of the particular filter; and 

controUlng the relay matrix to direct at feast the high frequency 
component of the composite signal to a high frequency output of the relay 
15 matnx. 

2. The method of claim 1 1 wherein the iow frequency component of the 
composite signal is a voice band signal and the high frequency component 
of the composite signai Is a data signal. 

20 

3. The method of claim 1 f wherein the low frequency component of the 
composite sign a Ms a low frequency data signal and the hfgh frequency 
component of the composite signal is a high frequency data signal, 

25 4. The method of claim 3, wherein the low frequency data signal Is an 
ISDN {Integrated Services Digital Network) sfgnaK 

5. The method of claim 1 , wherein the composite signal conforms to an 
Asymmetric Digital Subscriber Line (ADSt) standard. 

30 

6- The method of claim 5 t wherein controlling the relay matrix further 
comprises controjling the relay matrix to direct at feast the high frequency 
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component of the composite signal from the high frequency output of the 
relay matrix to an ADSL j3CCBSs,mullJpl0?ter^ 

* m m' mm ..... M L. I A ■ ■ ■ ■ ■ h - . . . _.. ... 

■ ■ ■ aaaa a — | . a aaa . a.nnaaa ^^mm m 

■ ■ .. bWh a. ■■■ J k 

7. The method of claim 1 , wherein the composite signal conforms to an 
5 Asymmetric Digital Subscriber Line (ADSL) standard that accommodates 
concurrent use wllh an ISDN {Integrated Services Dfgltaf Network) signal 

8- The method of claim 1. wherein controlling the relay matrix further 
comprises controlling the relay matrix to direct a! feast the high frequency 
10 component of the composite signal from the high frequency output of the 
reiay matrix to an Input of a digital access multiplexer* 

9. The method of claim 1 * wherein controlling the relay matrix further 
comprises controlling the relay matrix to direct Ihe filtered low frequency 

15 component of the composite signaJ from the low frequency output of the 
particufar filler to an input of a main distribution frame or an Input of a voice 
switch, 

10. The method of cialm 1. wherein controlling the relay matrix comprises 
20 receiving a remote contra* signal from a remote location and Jn response to 

the remote control signal, electrically swilching selected switches of the relay 
matrix to direct the composite signal to the particular filler and to direct at 
least the high frequency component of the composite signal to the high 
frequency output of the relay matrix. 

25 

11. A method o f e I ectronical I y o si ab I fsh i ng com mu ntcat ion ) sne c ro s s- 
conneclions, comprising: 

providing a matrix of relays and a plurality of filters; 
electronically controlling the relay matrix to establish a first signal 
30 connectivity path between a composite signal Input and a data signal output; 
and 
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e I ectronlcalJy controlling the relay matrix to establish a second signal 
connectivity path between the composite signal Input, a particular filter of the 
plurality of filters, and a voles signal output. 

5 12. The method of claim 11, wherein establishing the first signal 
connectivity path further comprises electronically controlling the relay matrix 
to extend the first signat connectivity palh from the data signal output to an 
input of a digital access multiplexer 

10 13- The method of claim 12, further comprising electron I catty controlling 
the refay matrix to modify the first signal connectivity path so as to decouple 
the data signal output from the Input of the digital access multiplexer 

14. The method of claim 11, wherein establishing the first signal 
15 connectivity path further comprises electronically controlling the relay matrix 
to extend the first signal connectivity path from the data signal output to an 
input of a digital access multiplexer and from an output of the digital access 
multiplexer to an input or a network interface. 

20 15. The method of ctairn 14 T further comprising electronically control ling 
the relay matrix to modify the first signal connectivity path so as to decouple 
the output of the digital access multiplexer from She input of the digital 
access multiplexer, 

23 16. The method of da tm 11 f further comprising electronically con trailing 
the relay matrix to modify the second signal connectivity path so as to 
bypass the pa rticu lar filter. 

17, The method of claim 11, wherein the first signal connectivity path 
30 comprises a Tip conductor and a Ring conductor, and the method further 
comprises electronically controlling the relay matrix to modify the first signal 
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connectivity path so as to short-circuit the Tip and Ring conductors of the 
first signal connectivity path. 



18. The method of claim 11, wherein the second signal connectivity path 
5 comprises a Tip conductor and a Ring conductor, and the method further 
comprises electronically controlling the relay matrix to modify the second 
signal connectivity path so as to short-circuit the tip and Ring conductors of 
the second signal connectivity path. 

10 19, The method of claim 11* wherein the composite signal input is 
coupled to a customer communication line, the method further comprising 
performing a diagnostic test of the customer communication line, 

20. The method of claim 11, further comprising electronically controlling 
15 the relay matrix to couple the composite signal Input lo a test device. 

21, A melfr o d of e f e ctro nicalfy est a bSfch E ng co mmu n i ca !io n I i ne cross- 
connections between a first communication line connector, a second 
communication lino connector, and a third communication line connector. 

2U the first communication line connector having a first plurality of active 
connections and at least one Inactive connection* and the second 
communication ilno connector having a second plurality of active 
connections and at least one Inactive connection, the method comprising: 
providing a matrix of relays; 

25 electronically controlling the relay matrix to establish signal 

connectivity paths between the first plurality of active connections of the first 
connector and a corresponding first plurality of connections of the third 
connector; and 

electronically controlling the relay matrix to establish signal 

30 connectivity paths between the second plurality of active connections of Ihe 
second connector and a corresponding second plurality of connections of 
the third connector. 
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22, The m e th od o f cf ai m 2 1 , f urth er co mp rising ; 
providing a plurality of filters; and 

electronically controlling the relay matrix to establish signal 
connectivity paths between selected active connections of the first or second 
S connector and corresponding Inputs of the plurality of filters, 

■ i 

23 , The me thod of claim 22 r furth er comp rf sin g ef e ctro n ica I iy con trol I in g 
the relay matrix to establish signal connectivity paths between 
corresponding outputs of the pluraJUy of filters and corresponding 

10 connections of the third connector. 

24, The method of claim 21 , wherein the third connector comprises a 
connector of a main distribution frame or a voice switch. 

IS 25. The method of claim 21, wherein the first connector comprises a 
connector of a first digital access multiplexer and the second connector 
comprises a connector of a second digital access multiplexer, 

26. The method of cialm 25, wherein the first digital access multiplexer 
20 operates In conformance with a first communications protocol and the 

second digital access multiplexer operates In conformance with a second 
communications protocol different from the first communications protocol, 

27, The method of cfaim 26, wherein the first communications protocol 
25 comprises a first Digital Subscriber Line (DSL) protocol and the second 

communications protocol comprises a second DSL protocol different from 
the first DSL protocol 
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28. A method of electronically establishing communication lino cross- 
connections, comprising: 

providing a matrix of relays and a pluraiily of filters; 
receiving, at the relay matrix, a composite signal comprising a voice 
5 component and a data component: 

controlling the relay matrix to direct the composite Bignsl io a 
particular fitter, a filtered voice component of the composite signal provided 
at a voice output of the particular filler: and 

controlling the relay matrix 1o direct at least the data component of 
10 the composite sfgna! to a dala output of lha relay matrix. 

29. The method of cfalm 28, wherein controlling the relay matrix further 
comprises controlling the relay matrix to direct at least (he data component 
of the composite signal from the data output of the relay matrix io an inpul of 

15 a digital a cces s m u I tiple xe n 

30. The melhod of claim 28, wherein the composite signal conforms to an 
Asymmetric Digital Subscriber Line (ADSL) standard, 

20 31, The method of claim 30, wherein controlling the relay malrlx further 
composes controlling the relay matrix to direct at least the data component 
of the composite signal from lha data output of the relay matrix to an ADSL 
access multiplexor, 

25 32, The method of claim 20, wherein controlling the refay matrix further 
comprises controlling the relay mairix io direct the filtered voice component 
of the composite signal from the voice output of the particular filter io an 
Input of a main distribution frame or an input of a voice switch. 

30 33 , The rnelho d of cl aim 2 8 B wh ere I n co nlrol I Ing th e relay m atrix 

comprises receiving a remote control signal from a remote location and. In 
response to the remote control signal, electrically switching selected 
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switches of the relay matrix to direct the composite signal to the particular 
filter and to direct at least the data component of the composite signal to the 
data output of the relay matrix. 

5 34 . A sy ste m f o r etactronica lly esta bite hin g commu nlcation tine cross- 
connections, comprising: 

a plurality of signal Input connectors and a plurality of signal output 
connectors; 

a matrix of reJays; 

10 a plurality of filter input connectors and a plurality of fitter output 

connectors; and 

a controller coupled to the relay matrix* the controller controlling the 
reiay matrix to establish a first connectivity path between a selected signal 
Input connector and a selected filter Input connector and a second 
15 connectivity path between a selected fijler output connector and a selected 
first signal output connector, the controller further controlling the relay matrix 
to establish a thinl connectivity path between the selected signal Input 
connector and a selected second signal output connector. 

20 35. The system of cfalm 34, wherein the first plurality of signal input 
connectors comprises a plurality of active connections and at least one 
inactive connection, the con trailer controlling the relay matrix to establish 
connectivity paths between signal input connectors having active 
connections and selected signal output connectors, 

25 

36. The system of claim 34, wherein the Hrst plurality of signal Input 
connectors comprises a plurality of active connections and at least one 
inactive connection, the controller controlling the relay matrix to establish 
connectivity paths between selected signal Input connectors having active 
30 connections and a corresponding plurality of selected filter Input connectors. 
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37, The system of claim 34, wherein the first plurality of signal input 
con nectars comprises o plurality of active connections and at least one 
inoclrve connection, the conUotfer controlling the relay matrix to establish a 
first plurality of connect* vlty paths between selected signal input connectors 
5 having active connections and a corresponding plurality of selected filter 
Input connectors, and to further establish a second plurality of connectivity 
pa!hs between selected fitter output connectors corresponding to the 
plurality of selected fitter Input connectors and a corres ponding plurality of 
selected first signal output connectors, 

It) 

3B, The system of cfsim 37, wherein the conlrolfer further controls the 
relay matrix to establish connectivity paths between the plurality of active 
connections and a corresponding plurality of selected second signal output 
connectors, 

15 

39. The system of claim 37 p wherein the selected first signal output 
connectors are coupled to a corresponding plurality of connectors of a main 
distribution frame or a voice switch, 

20 40. The system of claim 38. wherein the selected second signal output 
connectors are coupled to a corresponding plurality of digital access 
multiplexer connectors. 

41 . The system of daim 40, wherein the digital access multiplexer 

25 connectors compnse connectors coupled to DSLAM (Digital Subscriber Line 
Access Multiplexer) devices, 

42. The system of claim 34, wherein a composite signet comprising a low 
frequency component and a high frequency component is received at the 

30 selected s}gnal inpu! connector and a filtered low frequency component of 
the composite signal is provided at the first signal output connector. 
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43. The system of claim 42, wherein the composite signal comprises a 
low frequency voice signal component and a high frequency data 
component 

5 44. The system of claim 42, wherein IN* composite signal conforms to an 

ADSL (Asymmetric Digital Subscriber Line) standard* 

■ 

45- The system of claim 42, wherein the low frequency component of the 
composite signet conforms to on ISDN (Integrated Services Digital Network) 
10 standard. 

46. The system of claim 34, further comprising a lest device connector, 
whereto the controller controls the relay matrix to establish a connectivity 
path between a selected signal Input connector end the test device 

15 connector. 

47. A sy s t em for el e ctron ically establish i n g comm u n ica* lo n I i n e era s&- 
connections, comprising: 

a plurality of signal input connectors and a plurality of signal output 
20 connectors: 

a field of switches; 

a plurality of filter input connectors and a plurality of filter ouiput 
connectors; 

a communications interface for communicating with a remote host 
25 processor; and 

a contratter coupled to the switch field, the controller, In response to a 
control signal received from the remote host processor, controlling the 
switch field to establish a first connectivity path between a selected signal 
input connector and a selected filter Input connector and a second 
30 connectivity path between a selected filter output connector and a selected 
first signal output connector, the controller further control ling the switch field 
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to establish a third connectivity patfi between the selected signal input 
connector and a selected second signal output connector. 

48. The system of claim 47, wherein the first plurality of signal Input 
5 connectors comprises a plurality of active connections and at least one 

inactive connection, the controller, in response to a control signal received 
from the remote host processor, controlling the switch field to establish 
connectivity paths between signal Input connectors having active 
connections and selected signal oulpul connectors, 

10 

49. The syslem of claim 47, wherein the first plurality of signal input 
connectors comprises a plurality of active connections and at least one 
Inactive connection* the controller, In response to a conlrol signal received 
from the remote host processor, conlrolling the switch field to establish 

15 connectivity paths between selected signal input connectors having active 
connections and a corresponding plurality of selected fitter input connectors* 

50. The syslem of claim 47, wherein !he first plurality of signal input 
connectors comprises a plurality of active connections end at least one 

20 inactive connection, the controller, in response to a control signal received 
from the remote host processor, conlrolling the switch field to establish a first 
plurality of connectivity paths between selected sJgnai input connectors 
having active connections and a corresponding plurality of selected filter 
Input connectors, and to further establish a second plurality of connectivity 

25 path s b etwee n s ele cte d fil te r o u tpu S con n ectors corre spo nd i n g to th e 

plurality of selected filter input connectors and a corresponding plurality of 
selected first signal output connectors. 

51* The system of claim 50, wherein the controller, in response to a 
30 control signal received from the remote host processor, further controls the 
switch field to establish connectivity paths between the plurality of active 
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connections and a corresponding plurality of selected second signal output 
connectors. 

52. The system of claim SO. whereto the selected first signal output 

5 connectors are coupled to a corresponding plurality of connectors of a main 
distribution frame or a voice switch. 

53. The system of cSalm 51 t wherein the selected second signal output 
connectors are coupled to a corresponding plurality of dlgJtai access 

10 multiplexer connectors, 

54. The system of claim 53 wherein the digital access multiplexer 
connectors comprises connectors coupled to DSLAM {Digital Subscriber Line 
Access Mil I tlpl exer) d e v lcas + 

15 

55. The system of claim 47, wherein a composite signal comprising a low 
frequency component and a high frequency component Is received at the 
selected signal Input connector and a filtered low frequency component of 
the composite signal Is provided at tho first signal output connector. 

20 

56. The system of claim 55, wherein the composite signal comprises a 
low frequency voice signal component and a high frequency data 
component. 

25 57* The system of claim 55, wherein the composite signal conforms to an 
ADSt (Asymmetric Digital Subscriber Line) standard, 

53. The system of claim 55, wherein the low frequency component of the 
composite signal conforms to an ISDN (Integrated Services Digital Network) 
30 standard. 



WO DI/4S452 



44 



59, The system of claim 47 1 further comprising a lest device connector, 
whereto the controller, In response to a coniral signal received from the 
remote host processor, controls the switch field to establish a connectivity 
path between a selected signal input connector end the !est device 

5 connector. 

60 , A sy s to m f o r el e ctrontce! I y e s t sbl Ssh I n g commu nlcatlo n 1 Ine cross- 
connectlons, comprising: 

a plurality of first signal Input connectors each comprising a plurality 
10 of active connections and at least one Inoclive connection; 

a penality of second signal fnpul connectors each comprising a 
plurality of active connections and at least one inactive connection; 
a plurality of signs! output connectors; 
a field of relays; and 
15 a controller coupled to the relay field, the controller controlling the 

relay field to establish first connectivity paths between active conn eel Ions of 
the first signal input connectors and a selected signal output connector of 
the plurality of signal output connectors, the controlSar further controlling the 
relay field to establish second connectivity paths between active 
20 connections of the second signal input connectors and the selected signal 
output connector 

61 , The system of claim 60, furthef comprising a plurality of filter input 
connectors and a plurality of filter output connectors, the controller 

25 controlling the relay field to establish third connectivity paths between 
selected active connections of the first or second signal input connectors 
and a corresponding plurality of selected filler input connectors. 

62, The system of claim 61, wherein the con boiler controls the relay field 
30 to establish fourth connectivity paths be toe en corresponding fitter oulput 

connectors end the selected signal output connector, 
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63. Tha system of claim 60 T wherein the selected signal output connector 
is adapted to receive a connector of a main distribution frame or a vales 
switch. 

■ 

64. The system of claim 60, wherein the first and second signal input 
connectors are adapted to receive connectors of a corresponding plurality of 
digital access multiplexers* 

65. The system of claim 64. wherein (he digital access multiplexers 
comprise DSLAMs <Dlgllal Subscriber Line Access Multiplexers). 
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